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.pending U.S. Patent Application No. 09/610,481 filed on July 5, 
entitled "Passive Touch System and Method of Detecting User 
the assii^nee of the present invention, the content of which i« 
byreference, a touch system is disclosed. The touch system 

coi pled to a master controUer and a computer coupled to the 
The computer executes one or more application programs and 
.atput th« t is presented on the touch screen. The touch screen, 
computer and projector form a closed-loop so that user contacts 
be recorded by the computer as writing or drawing or used 
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iiwention relates generally to target acquisition and in 
laljulating camera offsets to facilitate object position 
ion. 


Bysteii IS are well known In the art and typically include a touch 
ih surfacie on which contacts are made using a pointer in order to 
Pointei contacts with the touch suiftce are detected and are used 
output depending on areas of the contact surfece where the 


execution of application programs executed by the computer. 
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„ 1 creen includes a touch surface in the form of a rectangular 
be rdered by a rectangular bewl or frame. A two-dimensional 
(C SP) based CMOS digital camera is mounted adjacent each 
Each digital camera is aimed at the touch screen so that its 
a designated edge ofthe touch surface. In this way, the 
. is wiJhln the fields of view ofthe digital cameras. The fields of 
camertis also overlap so that a pointer in close proximity to the 
witiin the fields of view of at least two ofthe digital cameras, 
c f such a pointer relative to the touch surface to be calculated 
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During opera ion of the touch system each digital camera acquires 
images of the touchisurface ■ vithin its field of view at a desired fi^e rate. The 
acquired images are process ^d by the digital cameras to determine if a pointer is in the 
acquired images. When a pointer is in an acquired image, the acquired image is 
further processed bi the dig tal camera that acquired the image to determine the 
median line or tip o'f the poi iter within the acquired image. The median line or tip of 
the pointer is represented bj a mimber. This pointer information is converted into a 
pointer information packet (PIP) by the digital camera and the PIP is queued for 
transmission to the master c ontroller . 

The master tjontroller polls the digital cameras for PIPs. When the 
master controller receives a PIP. the master controller divides the number representing 
the median line or i ip of th« pointer by the resolution of the digital camera. The 
master controller tl «n muk plies this resuh by field of view (FOV) of the digHal 
camera and then svbtracts « fixed error correcting calibration angle S to yield an angle 
The calculated imgle * if presumed to be the angle formed between the designated 
peripheral edge of 'the toucji screen encompassed in the field of view of the digital 
camera that generated the I IP and a line extending from the optical axis of the digital 
camera that inters* cts the p ointer within the image. 

As mention, id above, the aiming of the digital cameras ensures that 
when a pointer is irought i ™ close proximity to the touch screen, the pointer is 
captured in imagei acquired by at least two digital cameras. As a result when a 
pointer is brought in close proximity to the touch screen, at least two PIPs are 
received by the mister controller and hence, two angles are calculated by the master 
controller. With tWo angU * available, the master controller determines the 
intersection point of the li, es extending from the optical axes of the digital cameras 
which generated tke PIPs. that intersect the pointer within the acquired images. Usmg 
triangulation the iLsition <,f the pointer relative to the touch screen in Cartesian 
coordinates is c4ulated. The master controller in turn transmits this pointer position 
data to the personiil compi iter. In this mamier. tiie pointer position data transmitted to 
the personal compter car be recorded as writing or drawing or «m be used to control 
execution of application programs executed by tiic computer. The computer also 
updates the displly outpuj so that information presented on tiie touch surface reflect, 
the pointer activity. 


25 


As mentiona above, each digital camera is mounted adjacent a comer 
of the touch screen and aim(4 so that its field of view encompasses a designated 
peripheral edge of tie touch surfece. IdeaUy. the extremity of the field of view of 
each digital camera extends slightly beyond the designated peripheral edge of the 
5 touch screen by a k lown an ount so that the angles calculated by the master controller 
are based on a reference fra ne that corresponds to the touch screen. However, in 
reality the fields of view of he digital cameras are angularly offtet with respect to the 
peripheral desigmit id edges of the touch screen by unknown amounts due to 
mechanical toleranles. optidal effects and digital camera placement. 
IQ In tbe touch jystem described above, during calculation of the angles a 

fixed error correcting calibr rtion angle 5 is subtracted from the calculated angles to 
take into account tlje anguhr offsets of the digital cameras, This caHbration of course 
assumes that the angular of sets of the digital cameras are known and equal. 
Unfortunately, the wgular offset of each digital camera usually differs. Also, the 
13 angular offset of etch digiti 1 camera may change during shipping, installation etc. of 
the touch system. As a resi It, the angular offsets of the digital cameras are typically 
not properly comptosated i ar by the fixed error coirecting calibration angle. Unless 
the actual angular offsets o: ^the digital cameras are known, when the position of a 
pointer relative to i hetoucl surface is calculated using triangulation based on the 
20 calculated angles, the calculated position may be significantly different than its actual 
position. To complicate mi itters the calculated position of the pointer may vary 
significanUy depending on the pair of digital cameras whose image data is used to 
triangulate the position of i le pointer. As will be appreciated, tWs makes it difficuh 


josition of a pointer relative to the touch screen. In an 
where tl e touch screen is mapped to a computer display so that 
contacts on the toi ich scree ti can be used to invoke computer fonctions, accurately 
determining the contact po iition of the pointer on the touch screen is extremely 
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t one aspect of the present invention there is provided a 
method of determir ing the position of an object relative to a reference frame from 
captured images of the obje:t based on triangulation, the captured images being taken 
by at least two cameras hav ng overlapping fields of view within said reference frame, 
at least one of said cameras ha^-ing an offset angle causing an extremity of the field of 
view thereof to extond beyond a boundary of said reference frame, said method 
comprising the stej s of: 
10 capt^iring an image of the object using each said at least two cameras at 

said reference frame; 
fori^ach location: 

deter mining the position of the object within each image and 
; determined position into a coordinate system 
13 corresponding to tljat of sail i reference frame; and 

processing tiie determined positions to determine at least one of the 
position of the object at each location and the offset angle of said at least one camera. 

Acc jrding tci another aspect of the present invention there is provided 
a method of detenr ining th(5 position of an object relative to a reference frame from 
20 captured images of the object based on triangulation, the captured images being taken 
by at least two cameras having overlapping fields of view within the reference frame, 
an extremity of the field of (new of each said at least two cameras encompassing a 
boundary of said reference frame, at least one of said cameras being offset causing the 
esctremity of the field of vieov thereof to ejctend beyond said boundary, said method 

25 comprising the stejis of: 

determining the position of the object within each image, the position 
of the object withir. each in age being represented by an angle, said angle being equal 
to the angle formec betwee i the extremity of the field of view encompassing the 
boundary of said reference frame and a line extending from the camera that intersects 
30 the object within tl: e image 

determining the offtet angle of said at least one camera; 
subtracting the offset angle from the angle representing the position of 


taken by said at least one camera to calibrate the angle; 
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determining 


frame; 


usinjg the calibrated angles to calculate the po$ition of the object with 
respect to the reference frane using triangulation. 

Accbrding U\ yet another aspect of the present invention there is 
provided a touch sj^tem im eluding at least two cameras having overlapping fields of 
view and a processor to process image data of said at least two cameras, where the 

\ within the overlapping fields of view relative to a 
reference fi-ame is determined by triangulating object position data captured in an 
image acquired by each canpera, a method of caHbrating the touch system comprising 
the steps of: 


the offset angle of each camera relative to the reference 


using the offset angle to calibrate the object position data; and 
using the calibrated dbject position data during triangulation to 
determine the position of said object relative to said reference frame. 

Accarding to yet another aspect of the present invention there is 
provided a touch system in<;luding a reference frame, and at least two cameras having 
fields of each that overiap v/ithin said reference frame, wherein the position of an 
object relative to tie reference frame is determined from captured images of the 
object based on trif ngulation, and wherein the fields of view of said at least two 
cameras are rotatec with renpect to the coordinate system of said reference frame to 
define offset angleii, a method of calibrating said touch system comprising the steps 
of 

image of the object using each said at least two cameras at 
said reference frame; and 
for ^achlocetion: 

dcteiminiug the position of the object within each image, the 
position of the object within each image being represented by an angle said angle 
being equal to the imgle formed between an extremity of the field of view extending 
beyond the reference frame and a line extending from the camera that intersects the 
object within the ii lage; an 1 

mathematically calculating the oflFset angles of said at least two 


capiunng an 
at least one location i within 


cameras based on the angle 
two cameras relative to the 


determined for each image and the position of said at least 
coordinate system assigned to said reference frame. 
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According to still yet another aspect of the present invention there is 
provided a touch system comprising: 

a generally rectangular reference frame surrounding a touch sur&ce, 
one comer of the nsference frame defining the origin of a coordinate system assigned 

to said touch surfkt^e; 

a camera ad acent each comer of the reference frame, each camera 
being aimed towaris said touch surface and capturing images of said touch suifhce 
within the field of view thereof, fields of view of said cameras overlapping within 
said reference frarr e, the fuslds of view of said cameras being offset with respect to 
said reference frame; and 

a processor jrooessing the captured images and generating object 
position data when an objetst appears in images, said processor determining the 
position of said ob. ect relative to said origin in rectangular coordinates using said 
object position data based <n triangulation, wherein said processor further executes a 
calibration routine to detennine offset angles of said cameras, said offset angles being 
used by said procejsor to aijjust said object position data prior to said position 
determination. 

According to still yet another aspect of the present invention there is 
provided a comput&r readai)le media including a computer program thereon for 
determining the of 'set angl of cameras at different positions along a reference 
rectangular coorditkate syst sm based on object position data generated by said 
cameras, the objec: position data generated by each camera representing the position 
of an object within the flek of view of said each camera at least one location within 
the fields of view ( if said C6 meras, said computer program including: 

computer program code for relating the object position data generated 
by each camera to said rectangular coordinate system; and 

coiaputer p^ogram code for mathematically calculating the offset 
angle of each cara<ira basec on the related object position data and the position of said 
cameras relative tc said coordinate system. 

The! present invention provides advantages in that since the actual 
digiul camera offsets are c ilculated in real time» the fields of view of the digital 
cameras can be referenced to a reference frame that corresponds to the touch screen. 
In this manner, when the position of an object within the fields of view of a pair of 
digital cameras Is (lalculatei using triangulation, the calculated position of the object 
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Brief Description 


le of accuracy with the actual position of the object relative 
iiinoe the digital camera offsets are calculated 
degree of accuracy in a calibration routine that is executed 
system, the need for precision mounting of the digital 

is relaxed. Since mechanical tolerances with respect to 
be relaxed, touch systems of this nature can be 
and less expensively while ensuring high resolution. 
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fully with reference to the 
Figure 1 is ; 

the present inventi an; 

Figure 2 is 

system illustrated in Figun 
Fig ire 3 is 
Figwre 4 is 


Detailed Descript 


An embodiijient of the present invention will now be described more 
Accompanying drawings in which: 
schematic diagram of a touch system in accordance with 


front view of a touch screen fonning part of the touch 
1 showing camera offset angles; 
front view of another embodiment of a touch screen; and 
front view of yet another embodiment of a touch screen. 


on Of T he Pr yfffrred Embodiment 


Turning no\/ to Figure I, a touch system of the type described in co- 
pending U.S. Patent Applic ation No. 09/610,481 is shown and is generally identified 
by reference numeral 50. i ls can be seen, touch system 50 includes a touch screen 52 
coupled to a digital signal i processor (DSP) based master controller 54. Master 
controller 54 is als:> couple i to a computer 56. Computer 56 executes one or more 
application program ns and provides display output that is presented on the touch screen 
52 via a projector 58. The :ouch screen 52, master controller 54, computer 56 and 
projector 58 form ii closed-loop so that user contacts with the touch screen 52 can be 
recorded as writinj [ or draving by the computer 56 or used to control execution of 
application programs exea ted by the computer 56. 

Fig ire 2 bet ter illustrates the touch screen 52. As can be seen, touch 
lurface 60 bordered by a rectangular frame 62. Touch 
a rectangular planar sheet of passive material. A DSP- 
based CMOS digital earner a DCcm is mounted adjacent each comer of the touch 
screen 52. Each digital car lera DCcun is aimed towards the touch surface 60 so that 


screen 52 includes 
surfhce 60 is in the 


a touch 
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its field of view encompasses a designated peripheral edge of the touch surface 60. In 
the designation sh^iwn in F gure 2, the fields of view of digital cameras DCo and DCj 
encompass the low er horizontal edge 60a of the touch surface 60 while the fields of 
view of digital cameras DC i and DCa encompass the upper horizontal edge 60b of the 
touch surface 60. 

Due to mechanical tolerances, optical effects and digital camera 
placement relative to the touch surface 60, the field of view of each digital camera 
DCcam i8 typically mgularly offset with respect to the designated peripheral edge of 
the touch surface 60 that the field of view encompasses. The angular offset of each 
digital camera is d ^signated by angle Sdnm. 

During operation of the touch system 50. each digital camera DQam 
acquires images of the touch surface 60 within its field of view at a desired frame rate. 
The acquired images are processed by the digital cameras DCetmto determine if a 
pointer is in the aciuired images. When a pointer is in an acquired image, the 
acquired image is :urther processed by the digital camera that acquired the image to 
determine the median line or tip of the pointer within the acquired image. The median 
line or tip of the pointer is represented by a number. This pointer information is 
converted into a pointer information packet (PIP) by the digital camera DCcam and the 
PIP is queued for transmisj ion to the master controller 54. Specifics concerning the 


20 image processing describee > 


No. 09/610.481. incorporated herein by reference. 

The master controller 54 polls the digital cameras for PIPs. When the 
master controller 54 receivss a PIP, the master controller uses the number 
representing the median line or tip of the pointer and the field of view of the digital 
camera to calculat^ an angl|e 4>wn udng the equation: 

FOV 


where: 


X4S 

a is 


above ate set out in co-pending U.S. Patent Application 


tan^^ 


tan- 


1- 


f X ^ 
2--1 


tan' 


FOV 


(0.1) 


the nurrber representing the median line or tip of the pointer; and 
the total length enclosed by the field of view (FOV) of the digital 


camera at a distande from the digital camera 
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peripheral edge (im in this 
view by a known amount 


The calculaled angle ^oam is equal to the angle formed between the 
extremity of the fidld of view extending beyond the designated peripheral edge of the 
touch surface 60 o "the digi tal camera that generated the PIP and a line extending 
from the optical axis of the digital camera that intersects the pointer within the image. 
5 Preferably, the ext 'emity oi ' the field of view extends beyond the designated 


case the x-axis) of the touch surface 60 within the field of 
However, in almost all cases the angular offset of each 


To calibrate 
calculated angle (|) oLm mto a 


equations apply: 


digital camera DC is dififer<mt and unknown. 

Wh &n a poii iter is brought in close proximity to the touch surface 60, 
the pointer is captired in iriages acquired by at least two digital cameras. As a resuh, 
at least two PIPs are receiv td by the master controller 54 and hence, two angles <t)cim 
are calculated by tlie marte ■ controller 54. With two angles ^cm available, the master 
controller 54 can determine the intersection of the lines extending from the optical 
axes of the digital cameras which generated the PIPs, that intersect the pointer within 
the acquired images. Usinj ; triangulation the position of the pointer relative to the 
touch screen In Catesian coordinates can be accurately calculated if the amount that 
the extremities of tde fields of view of the digital cameras DC extend beyond the 
designated peripheral edgeji of the touch surface 60 are known. However because the 
angles (tc«n are angularly offset with respect to the designated peripheral edges of the 
touch surface by unknown' unounts, calculating the position of the pointer in this 
manner does not at^urately determine the actual position of the pointer relative to the 
touch surface 60. As a rest lt» it is necessary to calibrate the touch system 50 to take 
into account the angular oflsets 5cMn of the digital cameras DCaun so that the actual 
position of the pointer relat .ve to the touch surface 60 can be determined- • 

f the touch system 50. it is necessary to convert each 
. rectangular position (xb yi) on the touch surface 60. 
Relationships exist] betweeti the coordinates (xi, yi) on the touch surface 60 and the 
angles <t>flim that allow this conversion to be performed. If the origin of touch screen 
coordinate system ,s taken :o be at digital camera DCo, and the horizontal and vertical 
dimensions of the louch screen are taken to be Bx and By respectively, the following 


tan(((io"<Ja) = ^ 


(0.2) 
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(0.3) 


(0.4) 


(0.5) 


In order to reference each angle 4)«Mn to a common reference frame that 
corresponds to the touch screen coordinate system and develop a single equation that 
applies to all four digital cs meras DCc^. it is necessar>' to change some definitions in 
the above equations. First, introduce a set of angles Pcm defined by : 

P^=4>..-S^ ^^^^ 
The angles are the angles but referenced to the designated 
peripheral edges ofthe toush screen, in this case the horizontal edges 60a and 60b. 
Next introduce a sbt of angles a.™ which are referenced to they-axls of the touch 


13 screen coordinate 


lystem and are related to the angles |3»m as follows: 


Fir ally, intioduce a third set of angles Oeim that are related to the 
angles ai»m as follows: 


Replacing the angles oisud 


25 replacing the angl 

©am to be expres! ed as fol 


3ff 


(0.7) 
(0.8) 
(0.9) 
(0.10) 


(0.11) 


with their definitions set out in equations (0.7) to (0. 10) and 


BS p«m by the definition set out in equation (0,6). allows the angles 


lows: 


I 
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As will be a )preciated, equations (0. 12) to (0, 15) allow the angles 4>, 
to be put into a refiirence frame that coiresponds with the touch screen coordinate 
system. Moreover, the angles dam can be ejqjregsed as: 


(0,12) 
(0.13) 
(0.14) 
(0.15) 


Bxpressing the angles 


to the touch acreei. as well 


Equation (0 


'cam 


yc«n-yi 

hi terms of the angles coetm, yields the expression: 


(0.16) 


0)^= arctan 


17) therefore provides a way of fitting the angles (Ocam in a 


(0.17) 


manner that allowii the rectangular coordinates (xj, yO of a pointer in close proximity 


, 8j the offset angles 6e«n of the digital cameras DCpam to be 
calculated provided an angle (|)c«. corresponding to at least one pointer contact point 
on the touch surface 60 is j vailable. This is due to the fact that for a given contact on 
the touch surface, the anghss CDeun can be calculated using equations (0. 12) to (0. 15), 
the coordinates (x,«. of the digital cameras DCc«n with respect to the touch 
screen coordinate lystem are known and the pointer coordinates (xi,yi) are the same 
for each digital cajnera. However, since equation (0.17) is nonlinear in the 
coordinates (xi. yi] , it is necessary to use a linearization technique to fit the angles 

Th srefore ii i accordance with the present invention, during calibration 
of the touch system SO, a i olnter is used to contact the touch surface 60 at a plurality 
Assumiig that each contact point is within the field of view of each 
, for (lach contact point (Xi, yO on the touch surface 60. the angles 
©0 to (D3 are calculated. Uiing equation (0.17). a system of equations is developed. 
From the system of equations, the coordinates of each contact point (xi. yO and the 
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digital camera DC 
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matrices, meaning 
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offset angle 5c«n of each digital camera DCc«„can be determined using a nonlinear 
least-squares technique. Dtipending on the number of contact points used during the 
caUbration. the sysiem of eijuations may be over-determined orunder-determined. 

To iinify the treatment of the system of equations regardless of whether 
the system of equaions is ( ver-dctennined orunder-determined, the Moore-Penrose 
pseudo-inverse method tha : is based on singular value decomposiUon (SVD) is used 
to determine a least squared solution. 


will be appreciated, a matrix can always be decomposed in the 

A = USV' (018) 
;rix.4 can have any shape. The matrices t/ and are orthogonal 
that: 


ThJi diagom J matrix S is composed entirely of the singular values of 
matrix A . which a -e related to the squares of the eigenvahies of matrix A . The 

singular value decomposition (SVD) lies in the fact that with it, the 
inverse of matrixyt can alvrays be computed. Moreover, it is possible to control this 
inversion when a foorly d«iermined problem is encountered. Ck>nsider the system of 
linear equations: 
Ai 


whose solution would be 
l^-A-^b 


since both matric* s U and 
the singular values will be 
will be produced, which is 


V 


30 The usual normal 


S yD allowt the inverse of matrix A to be written as: 

A-'^VS-'U' (0.19) 
Fare orthogonal. In a poorly determined situation, some of 
very small, so that when matrix S"' is formed, large values 
not desirable. In this case, the inverses of the smallest 
singular values ark set to iero. This has the effect of eliminating the poorly 
determined part o|f the sohitioa For least-squares problems, this is a powerfol tool. 

equations method for least-squares problems is based on solving: 


A'Ax^A'b 
U(A'AyA'i 


(0.20) 


in the over-detenntned casi 


, and solving: 
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(0.21) 


in the under-determined cajie. As a result, the solution to the system of equations in 
either the underdetfirmined or overdetermined case can be determined using one 
s procedure. 

Oncie the of] set angles 5«n for the digital cameras DCc™ are known, 
the offset angles 5,«, are stored in memory by the master comroUer 54. During 
operation of the to jch systom 50. when the master controller 54 is calculating the 
angles the acual ofBui angles 6^ of the digital cameras are used to adjust the 
10 results, Thus, whs n triangiilatlon is performed by the master controller 54 using the 
calculated angles (|.c»m to ddermine the position of the pointer relative to the touch 
surface 60, the calculated f osition accurately reflects the actual position of the pointer 
relative the touch liurfece 60. This is due to the fact that the angles ^ are referenced 
to designated peripheral edges of the touch screen and hence, the touch screen 

13 coordinate system 

Alt hough the touch system 50 has been described as including a 
projector to project images on the touch screen, those of skill in the art will appreciate 
that this is not reqi lired. T le touch screen may be transparent or transbcent and 
placed over a disp ay unit iio that the display presented on the display unit is visible 
20 through the touch screen. Also, the touch screen need not be a rectangular sheet of 
material bordered by a frame. The touch screen may in fkct be virtually any surface 
within overlappinij fields (f view of two or more cameras. 

Although tlie Moore-Penrose pseudo-inverse method has been used to 
fit the angles cOc-nto equation (0.17). those of skill in the art will appreciate that other 
25 mathematical line ization i echniques may be used. For example, the angles can 
be fitted to equation (0.17] using the second-order Newton least squares method or the 
Gauss-Newton lei,8t squar ss method. 

Allhough tlie touch system 50 is shown as including four digital 
cameras, one located adja<«nt each comer of the touch screen, the calibration method 
30 applies to touch systems with different numbers of cameras. For example. Figure 3 
shows a touch screen 52' including only two DSP-based digital cameras DC'c™. In 
order to determin(! the dig tal camera offsets 6 for the digital cameras, it is first 
necessary to defir e a coordinate system for the touch screen. In this example, digital 
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camera DC'i I5 taken to be it the origin of the coordinate system with the x axis 
pointing to the rigljt and the y axis pointing downward. This convention is used so 
that the vertical touch screen dimension is eliminated, 

From the Fijfure 3. it can be seen that the angles are defined by: 
tan^-^ 


where isthehcirizontal 
solving these equations for 


The information esquired now is just the elements of the design matrix, including 


10 


terms for a variab! 
yields: 


e B, . Expressing these as the gradients of the appropriate functions 


15 


All this means is 
the change in B^ 
It 

in this case. For 


(5,-ry+/ 

iiat thert is an e?ctra column in the design matrix corresponding to 


20 Also, the correct 
their final values 


minimum-norm 
measurements. 


distance between the digital cameras Dd. and DC'2. By 
X and y, initial estimates are found to be: 
^.tant>, 


.then 


sense 
and 

Als the prcjsent 
solution 


(1.1) 


tan^+tan^ 


tan^ + tan<Jj 


(1.2) 


-y 


s necessary to drfine angles and th« offset angles 5c». carefiilly 
the present problem, -the angles fflc«a are expressed as: 

3ff - (1.3) 


(1.4) 


of the 


offset angles Is obtained by adding 180 degrees to 

reversing their signs. 

system of equations is underdetermined, a least squares 
is adopted. There are 1 1 unknowns to be determined from 8 
The corr sotion vector x is found from: 
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(1.5) 


In addition t j having the two digital cameras located at the comers of 
the touch screen 53'. the digital cameras DC'c^may be positioned relative to the 


touch screen in th© configui 
distance d separates 
and digital camera 


The angles ^cam ar» 
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Solving for 


15 


The above ec 
angles <^otmCan' 


quations are good initial estimates although a general equation for the 


bswritter 
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where a camera 
It 


achieved by writing defining 
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ation shown in Figure 4. In this example, a diagonal 
the didital cameras. If digital camera DC'i is located at (x„0) 
DCs at (0, y,) , then d the distance d is given by; 

defined by: 


{^ves; 


.8 possib 


Assuming that tlje angles 
roots of the system of sinkultaneous 


tdnj^i= 


(1.6) 
(1.7) 


tan^,-ta"^J 


tanj>.k+x,tan^J _,,„^^ 
tan^,-tanj>, 


(1.8) 
(1.9) 


as: 


^^=arctan 


-6, 


(2.0) 


offset an|;le S^^ has been introduced. 


i to do a calibration solution using a single point. This is 
[ equations for the angles ^ «dm as follows: 


/ = tan(*,--^ 


g = tan^,- 


(2.1) 
(2.2) 


4) c„ are known, the solution (x,.>,) can be treated as the 
equations. Newton' s method for two variables is: 


As ^ill be ajpprecii 
relative to a Cartisi 
object in CartiBian 
relative to a surfacfc 


an reference 
co-ordiriates 


Altioughpieferred 


described, those o: 
may be made without depa|rting 
appended claims 


within 
3Ugh pi 
skill in 
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St Sy~ffS* 


(2.3) 
(2.4) 


iated, the present system allows the camera offsets 
frame to be determined so that the position of an 
within overlapping fields of view of a pair of cameras 
the reference frame can be accurately determined. 

embodiments of the present Invention have been 
the art will appreciate that variations and modifications 
from the spirit and scope thereof as defined by the 


